Sugar beet tops harvested with a mower chopper make a good silage, without additives, but the losses through effluent are great. A low silo model flat silo or stack reduces the losses.
Introduction
When the sugar beet grows in the Finnish climate, the weight of tops amounts to the same as for the crops beet, i.e. about 25-30 tn/ha. Since the tops are nowadays harvested by mower chopper the yield is about a quarter less.
Harvesting by mower chopper reduces the soil contamination of the tops thus increasing their energy value. The protein content is higher and that of sugar lower when the necks of roots are not taken with the tops. These tops have about the same feed value as pasture grass. In Finland about one half of the top yield is fed to livestock, the other half being ploughed in. The high mineral and protein content make the beet tops a good fertilizer, however, their profitability would increase if they were fed to cattle.
Materials and methods
The ensiling of sugar beet tops was studied on the Viik Experimental Farm in the years 1971 1974 (Salo and Sormunen 1974, Salo 1975) . The tops were ensiled in a large tower-silo (180 m 3) or in small silos (11 -l6 m 3) or in stacks.
Experiments were made using jute sacks. The weighed amouts of tops and/or binding material were put into the sacks which were then placed in different places in the silos or stacks. The contents of the sacks were weighed again when they came out during the feeding period.
The samples of the beet tops and corresponding silages were dried for analyses in a vacuum at 40°C. Analyses were made by standard methods or by Salo's methods (1965 Salo's methods ( , 1969 . In vitro digestibility was measured according to Tilley and Terry (1963) . F.u. values were calculated on the basis of in vitro digestibility and composition (Salo 1975) . Digestible crude protein values were calculated according to Hojland Frederiksen (1969) .
Results and discussion
The composition of fresh and. ensiled beet tops
The keeping quality of fresh tops is not good, but they can be ensiled, without presevatives, to a valuable silage (Table 1) . As ensilage raw material tops have their positive and negative points. The positive one is the high nutritive value of the dry matter. The in vitro digestibility is about 82 % which means that their energy value for ruminants is about 0,8 f.u. per kg dry matter (f.u. = 0,7 strarch units) . The crude protein content is high and the composition of amino acids is good, e.g. the lysine content about 5,5 g/16 g N (Salo and Laakso 1977) . As a source of minerals the beet tops are extraordinary ( Table 2 ). The high sugar content is advantageous in the ensiling. In turn, a negative point is the high moisture content which causes large effluent and fermentation losses during preservation. On the other hand, no packing of the silos is needed as harvested tops form a wet pulp. The high mineral content means a high osmotic pressure, but because the composition of minerals is very basic (Table 3) , the high level is only detrimental for ensilage. Ca omitted as unsoluble.
Preservation losses
Beet tops have been ensiled as follows: The tops are harvested with a mower chopper and the load dumped into the silo or onto the ground for stacking. The tops are covered with a plastic sheet and protected from the cold with straw bales and, in the case of stacks, further so with soil. A furrow is ploughed around the stack for effluent and rainwater.
Since the tops are very wet material they must be ensiled in a low layer, in a flat silo or stack. Even in a silo of 5 m high and of volume of 180 m 3 the weight of the fodder has a markedly detrimental effect on the nutritive value and the losses of the silage in the lower part as compared with the upper part of it (Table 4 ). The moisture content of beet tops varies between 85-90% (according to the amount of rain over the harvest period), differences in this value having a noticeable effect on the losses (Table 5 ). Small variations in the dry matter composition also occur between years. If the autumn is vei y cold, the sugar content is low. For the ensilage the cold weather is advantageous, because the fermentation level remains small, the sugar level being high enough for sufficient fermentation even in a cold autumn.
The silos and stacks of 1973 (Table 5 ) are a representation of the tops of a cold autumn, the stacks being made of quite snowy tops. The snow somewhat increased the amount of effluent, but the quality, composition and palatability of the silage was excellent.
The ensiling of tops into a stack demands a smooth area which slopes gently downwards. A furrow must be ploughed around the stack for the effluent and to prevent rainwater from flowing into the stack. The successful stack made in year 1973 was done according to these rules.
In 1974, on the contrary, the stack was made on a meadow and the ploughing of the furrow was omitted. The tops were harvested in the rain and, after a wet summer followed a mild wet winter. The effluent and rainwater could not flow away freely from the hollows under the stack, with the result that good quality feed was found only in the upper part of the stack. The nearer to the bottom, the wetter and more spoiled the silage was. The acid content was high, but even so the pH was up to 6-7. The high content of basic minerals means a great neutralizing capacity when the effluent cannot flow out freely ( Table 3 ). The ammonium content further increases the basicity (in this case the ammonium nitrogen being up to 25 % of total nitrogen). On the whole, the stack of 1974 was a good indication of what will follow if the necessary main rules are not followed.
Losses in effluent
The loss of fresh weight is 40 -5O % depending on the initial moisture content of the tops. It can be still higher if the tops are very wet. Great amounts of minerals flow out in the effluent as shown from the averages in Table 6 . Of course the effluent also contains a lot of organic matter (sugars, fermentation acids, nitrogenous substances), but a simple calculation of them is not reliable, because a large portion of them decompose. On the whole the effluent is an extraordinary nutrient for microbes, or in other words, the worst form of environmental pollution. Table 6 . The effluent and mineral losses in small silos (11 -l6 m s ) and stacks. Averages of normal years (1972 1973) . The main results were as follows: Dry material, straw and newspaper bound effluent at a rate of about 3-5,5 kg per kg, corresponding to 150 200 g effluent dry matter. The main components were crude protein and organic acids (Table 7) . K, Cl and Na were the three most plentiful minerals. The straw was the best binding material. Its crude protein content increased by about 6 percentage units. The aftermath bound well, taking into account its high moisture content, suggesting that the fine roughage material might be better than a rough long straw. The newspaper was not as good as the straw.
Its nutritive value is also poorer as a result of the high lignin content (over 20 %) and the printer's ink. The composition of the oat and barley grain dry matters changed very little in the silo. They got wet but scarcely bound any effluent dry matter. No loss in their starch or protein content occurred either.
The effect of straw on the preservation losses was studied by putting long barley straw and tops into sacks with 20 kg straw/tn tops and comparing the result with sacks which contained only tops. The straw reduced the dry matter losses, on average, by 22 % and the crude protein losses by 35 % (Table 8 ).
The tops of this experiment were very wet, the dry matter content being only Practical application
If one wishes to bind the effluent in practice the best material seems to be straw or some other dry fodder, e.g. over a year old hay. If the straw is used in a long form, its quantity must be adjusted according to the voluntary intake of it by cattle and not with the purpose of binding the whole amount of effluent.
The ensiling of straw with tops will be thought of, in particular, by farmers who have planned to give up haymaking. The roughage requirement of cattle can in this case be supplied with long straw ensiled with tops. According to a scanty experiment with heifers, the proportions are about 20 kg straw/tn beet tops, for milk cows perhaps 25 kg/tn tops.
The following calculation shows what kind of feed will result with a level of 25 kg straw/tn tops:
As the basis of calculation average facts are taken: the dry matter content of the fresh beet tops is 13 %, that of the straw 85 % and the dry matter loss of tops during the preservation period 20 %.
In the tops-straw silage (dry matter 20 %) the proportion of straw in the dry matter is about 17 %. The mixture contains about 17 % crude protein and 19 % crude fibre of the dry matter, and has an vitro digestibility of organic matter about 71 %.
The calculation shows that according to its composition the mixture is equal to grass silage. If the cow will consume 30-40 kg per day of it, she will receive 1,2-1,6 kg long straw. This calculation suggest that the proportion of straw may be greater, but in practice, a part of straw is often left over because the long straw is easy to separate from the tops. In the experiments of Norgaard Pedersen (1978) cows willingly ate much higher straw concentrations in beet tops-straw silage, but the straw was ground into a meal or cut to small pieces, which the animals were not able to separate from beet tops.
According to the results with jute sacks 20 kg of straw/tn tops is capable of binding about one fifth of the effluent when the moisture content is normal (86-88 %), and a flat silo or stack are used. At least 80-120 kg straw/tn is needed for the total amount of effluent. Up to a half of this quantity can be mixed with beet tops without impairing the preservation result, but when one takes into account the voluntary intake by cattle only one quarter of it, at the most, can be used.
